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Abstract
Background

This study was performed on female rats to study the effect of oral administration of low dose versus high
dose of aluminum chloride (AIC13) during the period of organogenesis on the maternal and fetal growth
parameters.

Methods

In this study, female mature nulliparous Sprague-Dawley albino rats were used. After mating and
confirmation of pregnancy, successfully mated females were divided into three groups (six rats each):
control group, low-dose (LD) AICI3 group, and high-dose (HD) AIC13 group. The rats were sacrificed at
gestational day 20 (GD20) when the liver and kidneys were excised and weighed. Also, the gravid uterine
horns were excised and weighed, the placentae and fetuses were extracted and weighed, and fetal growth
parameters were assessed.

Results

Maternal AICI3 exposure produced an increase in preimplantation losses and resorptions in LD and HD
AICI3 groups. Consequently, there was a decrease in the number of corpora lutea, total implantations, live
fetuses, and litter size. Also, the body weight gain, gravid uterine, placental and maternal liver, and
maternal kidney weights of both AlCI3-treated groups were significantly reduced in comparison with the
control group. There was a statistically significant reduction in fetal biparietal diameter (BPD), head length
(HL), crown-rump length (CRL), and fetal body weight. All the above changes were dose-dependent, being
more evident with the high dose of AICI3.

Conclusion

AICI3 exposure during pregnancy results in different degrees of adverse effects on maternal weight gain and
fetal growth and organ parameters, which followed a dose-dependent manner.

Categories: Anatomy
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Introduction

Aluminum (Alu) is considered as one of the most widely used metals in the environment. It is used in daily
life in a manner that leads to easy exposure for human beings [1].

Exposure to Alu has been implicated in a number of human pathologies and intoxication of health, which
have been increasingly upsetting in recent years. Alu is known to have many hazardous organ effects such as
renal failure, dementia, parkinsonism, Alzheimer’s disease, and amyotrophic lateral sclerosis [2-4].

Alu is being used extensively in our contemporary life, where it is widely used in the treatment of drinking
water, in addition to the manufacture of Alu-contained compounds, drugs (e.g., phosphate binders,
antacids, vaccines, buffered aspirins, parenteral fluids, and allergen injection), and cosmetics [1,2,5]. Alu
food contamination may increase due to the constant use of aluminum cans, foil, and vessels for preparing
and storing food where this metal leaches from these containers depending on the type of food being packed
or stored [6].

Hence, Alu exposure is mainly due to food intake and water drinking in addition to the use of personal care
products and cookware. Drugs, cosmetics, vaccines, inhaled fumes, and particles from occupational
exposures can also increase the chance of Alu toxicity. Furthermore, a higher level of exposure to Alu leads
to its poor excretion, causing its accumulation in body tissues [1,2,5].
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Previous studies showed that Alu had a toxic effect on the development and growth of fetuses and offspring
in animals and humans. Alu exposure during pregnancy was found to result in growth retardation, deaths,
resorptions, soft tissue abnormalities, and developmental toxicity syndrome in rats and mice [2,7]. Alu was
reported to induce neurotoxic effects, hydronephrosis, endocrine disruption, and reproductive toxicity [1,2].
However, controversy and conflicting observations on the toxic effects of Alu showed the need for further
studies as some investigations did not report embryotoxic effects for Alu [8].

During the early period of pregnancy, women may use large amounts of Alu-containing antacids as they may
have gastric symptoms that may result in increased Alu intake, which in turn considerably increases Alu
plasma levels in pregnant females [9]. It was reported that Alu can pass through the placenta to fetuses [10].

Pregnant women may be exposed to untoward levels of Alu compounds; therefore, it is important to
investigate the toxic effects of Alu on fetuses.

Our study was conducted on female rats to study the effect of oral administration of low and high doses of
Alu during the period of organogenesis on maternal, reproductive, and fetal parameters.

Materials And Methods

This project was approved by the ethics committee of the Faculty of Medicine of King Abdulaziz University
(approval number: D/34/1364).

Reagents

The aluminum chloride (AICI3) powder, distilled water, and Bouin’s solution used in this study were
obtained from Sigma Chemicals Co. (St. Louis, MO, USA).

Animals

Virgin female mature Sprague-Dawley albino rats (8-10 weeks old) were used in this investigation. The
animals were obtained from King Fahd Medical Research Center. A microscopic examination of the vaginal
smear was performed to confirm pregnancy after matting; when it was positive, it was considered
gestational day 0 (GDO).

Eighteen pregnant female rats were divided into three groups (six rats each) as follows: control group, which
received 2 mL distilled water using an intragastric tube from GD6 to GD15; low-dose (LD) AICI3 group, which
received 173 mg [11] (1/10 of LD50) 22 of AIC13/kg body weight/day, one dose daily at 9 am from GD6 to
GD15; and high-dose (HD) AICI3 group, which received 345 mg [11] (1/20 of LD50) 22 of AlCl13/kg body
weight/day, one dose daily at 9 am from GD6 to GD15.

AICI3 (345 mg) was dissolved in 10 mL of distilled water, and treatment was given using an intragastric tube
to all study groups.

Examination of pregnant female rats

Pregnant rats were anesthetized on GD20 when the gravid uterine horns were obtained and weighed. The
ovaries and uteruses were inspected to estimate the number of implantation sites, corpora lutea, and
resorptions (embryonic death). All placentae and fetuses were obtained from the pregnant rats and weighed.

Also, the position and number of viable fetuses were detected and counted. The preimplantation loss was
estimated as follows: (number of corpora lutea - number of implantations) x 100/number of corpora lutea.

Evaluation of fetuses

After exposing the fetuses and placentas, each fetus and its placenta were removed and weighed. Digital
Vernier caliper was used to estimate the head length (HL), biparietal diameter (BPD), and fetal crown-rump
length (CRL). Additionally, the absolute weight, actual organ weight, and relative weight, the organ
weight/total weight x 100, were recorded for fetal kidneys and livers.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS) (IBM SPSS Statistics, Armonk, NY, USA) for

Windows was used to analyze the results. The results were presented as mean*standard deviation (SD). One-
way analysis of variance (ANOVA) and the Bonferroni test were used to compare the different groups. The
difference was considered significant if P-values were <0.05.

Results
Effect of AICI3 on reproductive measures
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It was noticed that the number of preimplantation losses in both doses of AIC13 was significantly increased
when compared to the control group, while the number of total implantations, corpora lutea, and litter size

were decreased when compared to the control group (Table 7 and Figure 7).

Groups Corpora lutea Total implantation*
Control 9.5+1.23 9.33+1.03

LD AICI3 8.67+0.82° 8.17+0.418

HD AICI3 8.8310.982 8.00+0.892

TABLE 1: Effect of AICI3 on reproductive parameters.

Preimplantation loss

0.1740.04
0.50+0.08°

0.83+0.07°¢

Results are shown as meanzstandard deviation (n=6). A difference of P<0.05 was considered significant.

aP<0.05 versus control group

bP<0.01 versus control group

®P<0.01 versus LD AICI3 group

The Bonferroni test was used to compare the different groups.
*Significant difference between groups (P<0.05)

**Significant difference between groups (P<0.01)

AICI3: aluminum chloride, LD AICI3: low-dose AICI3, HD AICI3: high-dose AICI3

Litter size**

9.1740.75
7.830.75°

7171170
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FIGURE 1: Uterine horn in the control group (A and B) with fetuses (Fe)
and their placentas (P). Both LD AICI3 (C) and HD AICI3 (D, E, and F)
groups show normal sites of implantation (N), normal placenta (P), and
sites of resorption (rs). Notice the dead fetus in (D). There were four
corpora lutea with only three fetuses (one preimplantation loss) (F).

Fe: fetus, P: placenta, N: normal site of implantation, rs: site of resorption

Effect of AICI3 on pregnant rat and placental weight

It was noticed that in the LD AICI3 group, there was a significant reduction in all measured

parameters, including body weight gain, gravid uterine weight, placental weight, absolute right (Rt) kidney
weight, absolute left (Lt) kidney weight, and relative Lt kidney weight, when compared to the control group.
In the HD AICI3 group, there was a dramatic reduction of all measured parameters, including body weight
gain, final body weight, gravid uterine weight, placental weight, absolute liver weight, relative liver weight,
absolute Rt kidney weight, relative Rt kidney weight, absolute Lt kidney weight, and relative Lt kidney
weight; this reduction was statistically significant when compared to the control group.

It was found that there was a statistically significant reduction in some parameters measured in the HD
AICI3 group, including final body weight, body weight gain, gravid uterine weight, and placental weight,
when compared with the LD AICI3 group.

Also, there was a significant difference between the studied groups for final body weight, body weight gain,
gravid uterine weight, placental weight, absolute liver weight, relative liver weight, absolute Rt kidney
weight, relative Rt kidney weight, absolute Lt kidney weight, and relative Lt kidney weight (Table 2 and Table

3).
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Groups Body weight gain (gm)* (n=6) Gravid uterine weight (gm)* (n=6)
Control 108.67+5.61 58.36+3.45

LD AICI3 91.34+7.452 49.30+4.092

HDAICI3  65.48+5.68"4 35.48+3.0424

Placental weight (gm)*

0.63+0.05 (n=55)
0.52+0.11° (n=47)

0.42+0.07°9 (n=43)

TABLE 2: Effect of AICI3 on pregnant rat weight parameters and placental weight.

Results are shown as meanzstandard deviation (n=6). A difference of P<0.05 was considered significant.

3P<0.01 versus control group
bP<0.001 versus control group
°P<0.01 versus LD AICI3 group

dp<0.001 versus LD AICI3 group
The Bonferroni test was used to compare the different groups.
*Significant difference between and within groups (P<0.001).

AICI3: aluminum chloride, LD AICI3: low-dose AICI3, HD AICI3: high-dose AICI3

Absolute liver Relative liver Absolute Rt kidney Relative Rt kidney
Groups

weight (gm)** weight (gm)* weight (gm)** weight (gm)*
Control  10.90+0.53 4.85+0.20 0.98+0.06 0.44+0.04
LD 9.92+0.52 4.67+0.20 a 0.38+0.06
AICI3 -9210. -6720. 0.80+0.15 -3820.
o 8.87+0.95° 4.42+0.332 0.71x0.11° 0.360.052
AICI3 .870. 420. .71x0. .360.

TABLE 3: Effect of AICI3 on pregnant rat liver and kidney weights.

Results are shown as meanzstandard deviation (n=6). A difference of P<0.05 was considered significant.

aP<0.05 versus control group
bP<0.01 versus control group

®P<0.001 versus control group

The Bonferroni test was used to compare the different groups.
*Significant difference between groups (P<0.05)

**Significant difference between groups (P<0.01)
***Significant difference between groups (P<0.001)

AICI3: aluminum chloride, Rt: right, Lt: left, LD AICI3: low-dose AICI3, HD AICI3: high-dose AICI3

Absolute Lt kidney Relative Lt kidney

weight (gm)*** weight (gm)*
0.92+0.05 0.41+0.03
0.7320.11° 0.34+0.05?
0.67+0.08° 0.33+0.042

Effect of AICI3 on fetal growth parameters

It was noticed that in the LD AICI3 group, all fetal growth parameters, including fetal body weight, crown-
rump length, head length, and biparietal diameter, were significantly lower than in the control group. In the
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HD AICI3 group, there was a dramatic reduction of all measured fetal growth parameters, including fetal
body weight, crown-rump length, head length, and biparietal diameter; this reduction was statistically
significant when compared to the control group. Also, these parameters were significantly reduced when
compared with the LD AICI3 group. It was also found that there was a significant difference between and
within groups (control, LD AlC13, and HD AICI13 groups) for fetal body weight, crown-rump length, head
length, and biparietal diameter (Table 4 and Figure 2).

Groups Fetal body weight (gm)* Crown-rump length (cm)* Head length (cm)* Biparietal diameter (cm)*
Control (55) 2.85+0.24 3.12+0.14 1.30£0.06 0.71+0.05

LD AICI3 (47)  2.48+0.58° 2.89+0.27° 1.2240.07° 0.68+0.052

HD AICI3 (43)  1.80+0.44%¢ 2.62+0.33%4 1.16£0.09>¢ 0.63+0.06"¢

TABLE 4: Effect of AICI3 on fetal growth parameters.

Results are shown as meanzstandard deviation (n=6). A difference of P<0.05 was considered significant.
3P<0.05 versus control group

bP<0.001 versus control group

®P<0.0001 versus control group

9P<0.001 versus LD AICI3 group
The Bonferroni test was used to compare the different groups.
*Significant difference between groups (P<0.001)

AICI3: aluminum chloride, LD AICI3: low-dose AICI3, HD AICI3: high-dose AICI3
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FIGURE 2: Comparison of the crown-rump length between fetuses
representing control, LD AICI3, and HD AICI3 groups (fixed in Bouin’s
solution).

AICI3: aluminum chloride, LD AICI3: low-dose AICI3, HD AICI3: high-dose AICI3

Discussion

Because Alu is present in a large amount in man-made products and nature, the human cumulative daily
intake of Alu varies broadly in a way that it is difficult to be estimated [12]. Pregnant women may ingest
large amounts of Alu through consuming Alu-containing antacids or exposure to high environmental levels
of Alu, which might increase their plasma Alu level. This high level of Alu may pass through the placenta or
milk to fetuses or offspring [13].

Previous studies suggested that the exposure of pregnant females to Alu imposes a high risk to their health
as well as to the development and health of their fetuses and children. These studies have demonstrated
that during pregnancy, the intake of high doses of antacids increased considerably its Alu plasma
concentration in mothers. They also reported that Alu can be transferred to fetuses through the

placenta [14].

In this study, two doses of Alu were used to investigate the toxic effect of Alu intake during pregnancy on
maternal and fetal parameters. The results of our study showed that Alu administration to pregnant rats
gave rise to adverse effects in mothers and their fetuses, which were dose-dependent. Regarding the mother
rats, this was evident from the decrease in body weight gain and decreased absolute and relative liver and
kidney weights and gravid uterine and placental weights when compared to the control group. A previous
study reported similar results regarding maternal weight gain in female rats who

received Alu [2]. Accordingly, it has been stated that orally administered Alu is absorbed systemically,
leading to a more accumulation of Alu in target tissues such as the kidney and liver, which accumulate Alu
over a wide range of exposure levels and so are probably the most susceptible organs to its effects [15].

Also, the findings of the present study showed that Alu has both embryotoxic and fetotoxic effects as it
increased the number of resorptions, preimplantation losses, and dead fetuses with a decrease in the total
numbers of implantation sites and corpora lutea, litter sizes, and live fetuses in Alu-treated groups. Also,
high-dose Alu-treated groups were significantly different from low-dose Alu-treated groups in most of the
above parameters. Accordingly, Lin et al. [16] observed a dose-dependent relationship between Alu intake
and intrauterine growth retardation in mice and suggested that excessive Alu ingestion during pregnancy
may be one of the risk factors contributing to congenital neural tube defects and perinatal deaths. Also, in
agreement with our findings, many previous studies that used different doses of Alu have shown that Alu
was both embryotoxic and fetotoxic, resulting in growth retardation, increased mortality, increased
resorptions, multiple congenital malformations, a variety of adverse reproductive outcomes, and alteration
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in neuromotor maturation in exposed animals [1,2,10,17].

However, in disagreement with our results, some earlier studies have reported discrepant information. It has
been reported by Gomez et al. [18] that when Alu (Al OH3) is given by gavage at different doses to pregnant
rats from GD6 to GD15, there was non-observed significant maternal or developmental toxicity at any Alu
dose level. This discrepancy may be due to the usage of low Alu doses.

The present investigation showed that the Alu intake of pregnant rats resulted in a decrease in the number
of fetuses and decreased mean values of fetal growth parameters (crown-rump length, body weight,
biparietal diameter, and head length). These effects were more significant with a higher dose of Alu when
compared with a lower dose of Alu and control values. These toxic effects may be caused by the increased
concentration of Alu in the placenta and fetuses [19]. Accordingly, previous studies on the effects of Alu
intake during pregnancy on embryos found that there were decreased fetal numbers and increased fetal
death. Also, these studies showed that neonates, even if they were born healthy and without any obvious
problems, were likely to have growth retardation [2,20,21]. Moreover, data from the study of Kamalov et
al. [22] showed that rats exposed to Alu have dose- and time-dependent damage to their lymphocyte and
thymocyte plasma membranes.

The human reproductive system may be affected by Alu exposure. Alu was reported to reduce sperm
count and motility and increase abnormal spermatozoa [2]. In female mice, Alu accumulates in the ovary,
which could damage the ovarian structure [11].

Alu causes a transient disturbance to estrous cycle regularity in female rats but does not develop into
reproductive toxicity [11]. It was reported that female employees at an Alu smelter had more congenital
malformations than they did during their earlier working periods when they did not have access to Alu

and reported that Alu exposure has toxic effects on the reproductive system [23]. It was reported that the
Alu level was elevated in the ovarian and uterine tubes of adult female rats after oral administration of Al
sulfate, and the tissue levels were correlated to Alu dosages [11]. Wang et al. [24] suggested that

Alu exposure affected the secretory activity of the ovary and decreased follicle-stimulating hormone (FSH)
and luteinizing hormone (LH) levels in the rat serum. These evidence demonstrate that Alu is a potential risk
for female infertility.

The fund obtained for this study did not allow us to do a further investigation such as histopathological
evaluation of the fetal brain and organs. However, we hope to obtain another fund soon to perform these
studies.

Conclusions

This study demonstrates that Alu exposure during pregnancy has different degrees of adverse effects on the
growth parameters of both mothers and fetuses and their body organs, which follows a dose-dependent
manner.
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